The complete sequence of the $7 RNA that codes for the major group-specific coat protein, VP7, of African horsesickness virus serotype 4 (AHSV-4) was determined from cDNA analyses and found to be 1179 nucleotides in length. One single open reading frame of 353 codons was observed defining a protein of Mr 38107 with a net charge of-1.5 at neutral pH. Comparison of the AHSV-4 VP7 sequence with that of bluetongue virus serotype 10 revealed an overall similarity of 44%, with the amino-and carboxyterminal regions exhibiting the greatest levels of homology. In addition, potential secondary structures of the terminal sequences of the $7 RNA segments of AHSV-4 and BTV serotypes I0, 13 and 17 are presented.
Introduction
African horsesickness (AHS) is an arthropod-borne disease of horses, caused by a dsRNA orbivirus (family Reoviridae). In horses, infection is characterized by high mortality. The disease is endemic in Sub-Saharan Africa although occasional outbreaks have occurred in North Africa, the Middle East and in certain European countries (Mclntosch, 1958) . Recently (1988 Recently ( to 1990 there have been several severe outbreaks of AHS in Morocco, Spain and Portugal. Although nine different serotypes of the virus (AHSV-1 to -9) have been identified in Africa (Mclntosch, 1958; Howell, 1962) , only one serotype, AHSV-4, has been isolated in Spain and Portugal during the recent epidemics.
Little information is available on the genetics and molecular properties of AHSV. The virus is similar to the prototype orbivirus, bluetongue virus (BTV), both in its morphological structure and biochemical properties. Like BTV, AHS virions consist of seven structural proteins and 10 dsRNA segments (OeUermann et al., 1970; Bremer, 1976) . The outer capsid is composed of two major proteins (VP2 and VP5), whereas the inner capsid consists of two major (VP3 and VP7) and three minor proteins (VP1, VP4 and VP6). Using Northern blot hybridization studies involving cDNA clones and genomic RNA species, Bremer et al. (1990) have 0001-0097 © 1991 SGM reported that the segment $7 RNA is highly conserved among the nine AHSV serotypes. However, no crosshybridization was detected between AHSV and BTV serotypes. In order to increase our understanding of the molecular biology and pathogenesis of AHSV and to gain an insight into its relationship to BTV, we have embarked on a molecular analysis of AHSV. To this end we have generated cDNA clones to the RNA genome of AHSV-4.
In this report, we present the complete sequence of the segment $7 that encodes the major core protein VP7 and document its homology to the VP7 of BTV. In addition, the 5'-and 3'-terminal regions of the $7 RNA segment of AHSV-4 have been analysed and their potential to form secondary structures are compared to the $7 structures of three BTV serotypes (Yu et al., 1988; Kowalik & Li, 1989; Kowalik et al., 1990) .
Methods
Viruses, cells and isolation of dsRNA. AHSV-4 (Spanish isolate) was plaque-cloned using monolayers of BHK-21 ceils. The viral dsRNA was purified (Ritter & Roy, 1988) and the 10 individual RNA segments were separated and isolated as described previously (Purdy et al., 1984 (Purdy et al., , 1985 .
DNA cloning and sequencing. Polyadenylation of AHSV-4 dsRNA and synthesis of cDNA copies using an oligo(dT)12_18 primer were undertaken as described elsewhere (Purdy et al., 1984 (Purdy et al., , 1985 . The RNA TTGCAATTAATAGGTACAATGGTTTAACGAATCATTCGGTATCGATGAGGCCACAAACCCAAG  CAGAACGAJ%ATGAAATGTTTTTTATGTG  TACTGATATGGTTT  TAGCGG CATTGAACG  130  140  150  160  170  180  190  200  210  220 230 240 AT TTT  490  500  510  520  530  540  550  560  570  580 590 600 templates were removed by treatment with 0-5 M-KOH and dsDNA molecules were generated by self-annealing. The products were repaired using the Klenow large fragment of DNA polymerase, followed by 3' tailing with dC and annealing to PstI-cut, dG-tailed pBR322 plasmid DNA. After transformation, clones containing the viral sequences were recovered and screened by colony hybridization (Grunstein & Hogness, 1975) . Hinfl restriction patterns of the recombinant plasmids were compared as described previously (Purdy et al., 1984 (Purdy et al., , 1985 . The sequences of DNA clones were determined mainly by the dideoxynucleotide sequencing method (Sanger et al., 1977) using appropriate DNA fragments subcloned into M13 vectors (Oldfield et al., 1991) . The terminal sequences of the clones were determined by the method of Maxam & Gilbert (1980) .
Results and Discussion
The complete nucleotide sequence of AHSV RNA segment 7
Several AHSV $7 cDNA clones were identified by colony hybridization and Northern blot analyses (Grunstein & Hogness, 1975 ). Several positive clones were then selected for further analyses. The inserts were excised from pBR322 with PstI and their sizes determined by restriction enzyme digestion. Two clones appeared to be full-length. One of them (A) was selected for sequence analyses. To determine whether the clone was indeed full-length the terminal sequences were determined by the Maxam & Gilbert (1980) method as described previously (Purdy et al., 1984) and the remaining sequences of the clone were determined by the dideoxynucleotide method (Sanger et al., 1977) . The 5" and 3' termini of the clone were found to contain the characteristic terminal sequences of orbivirus RNA segments (Rao et al., 1983; Mertens & Sangar, 1985; Wilson et al., 1990) , namely 5' GTTAAA... and ... ACTTAC 3' (Fig.  1) , indicating that the AHSV VP7 clone was full-length. The complete nucleotide sequence of the cDNA of $7 in its coding (mRNA) sense is presented in Fig. 1 , with the predicted amino acid sequence of the single long open reading frame shown above the cDNA. The $7 segment is 1179 bp long. The Mr value of the dsRNA is calculated to be 7.0 x 105. The coding strand of the AHSV-4 $7 RNA has a calculated base composition of 27.5% U, 26.4% A, 19.7~ C and 26.5% G. It is therefore comparable to the base composition of the RNA segment $7 of BTV-10 (Yu et al., 1988) . The $7 mRNA strand of AHSV-4 has a long 3' non-coding sequence, similar to that of the $7 RNA of BTV-10 (100 to 110 nucleotides). The 5'-terminal non-coding sequence of the $7 RNA of both viruses is much shorter (17 nucleotides).
The 5' and 3' termini of AHSV $7 show partial inverted complementarity and are capable of forming secondary structures as shown in Fig. 2(a) for the message-sense cDNA sequence. Similar complementary sequences were identified from the previously published sequence data of the $7 species of BTV-10, BTV-13 and BTV-17 (Yu et al., 1988; Kowalik & Li, 1989; Kowalik et al., 1990 ; see Fig. 2b to d) . Such secondary structures, although they are of differing lengths and composition, (a) s' 2 ) is located within a potentially base-paired structure, although for BTV $7 it is upstream of a similar structure. The AHSV VP7 translation initiation codon (ATG, underlined in Fig. 2) is also located within a potentially base-paired structure. The observation that the ssRNAs have the potential to form secondary structures is presumably not coincidental. Although the viral RNAs are considered to be double-stranded in the virions, it is possible that the RNA sequences are held by the viral proteins (at least temporally) in alternative configurations to facilitate transcription by the virion RNA polymerase, Secondary structures may also play a role in protecting mRNA from exonuclease digestion or, in the case of the T-proximal region, facilitating translation termination. They may also be involved in segregating the l0 mRNA species for encapsidation within subcore particles that are progenitors of virions, possibly in association with the NS2 phosphoprotein, or other viral components (Thomas et al., 1990) . The 3'-and 5'-terminal sequences of influenza virus show similar inverted complementarity (Desselberger et al., 1980) . Hsu et al. (1987) recently have demonstrated that within the virus particle, the termini of the influenza virus RNA genome exist in a panhandle configuration and protein-RNA interactions are required to stabilize these structures. In wound tumor viral RNA, similar inverted repeats within the terminal regions have been identified (Anzola et al., 1987) . These termini were shown to form intramolecular structures in the absence of protein factors. It was postulated that these configurations were subsequently stabilized by protein-RNA interactions leading to replication and packaging (Xu et al., 1989) . It has yet to be determined whether similar functions can be assigned to the hairpinlike structures of the orbivirus RNA segments.
Characteristics of the predicted protein encoded by $7 of AHSV-4 and comparision with VP7 of BTV
The single major open reading frame of the $7 RNA of AHSV is predicted to encode a polypeptide of 354 amino acids, five amino acids larger than the VP7 of BTV-10 (Yu et al., 1988) . The Mr of VP7 is estimated to be 38 107, slightly smaller than the VP7 of BTV (38 545). The AHSV-4 VP7 protein has a low frequency of charged amino acids (R + K + ½H = 25.5; D + E = 27), which is comparable to the BTV-10 VP7 protein (R + K + ½H = 28; D + E = 27). Both proteins are rich in hydrophobic amino acids, particularly alanine, methionine and proline. Sequence alignment indicates that the VP7 proteins are in fact homologous, as shown in Fig. 3 . The close relationship between the two proteins is indicated by the fact that only four gaps are required for alignment in diagon analysis (data not shown). Although 44~ of the amino acids residues at similar sites were identical, when amino acids of similar character were considered the similarity was 70~. The distribution of proteins. The distribution of the hydrophilic and hydrophobic regions along the prediced amino acid sequence of the proteins was determined by using the algorithm of Kyte & Doolittle (1982) . The value for each amino acid was calculated over a window of 11 amino acids. The hydrophobic regions of the amino acid sequence are shown above the axis, and the hydrophilic regions are shown below the axis.
the homologous sequences was not evenly spread throughout the molecule. When the hydropathic profile of the VP7 protein of AHSV-4 was compared with that of BTV-10 (Fig. 4) , there were some similarities. Both share strong homology in their amino-terminal profiles and some homology in their carboxy termini. However, the middle regions appear to be very different. Using dual recombinant baculoviruses that express the VP3 and VP7 proteins of BTV, we have synthesized BTV core-like particles (CLPs; French & Roy, 1990) . Recently, using similar approaches we have also prepared chimeric CLPs between the corresponding EHDV-1 and BTV-10 proteins (unpublished data). It will be of interest to determine whether chimeric CLPs can be synthesized between the VP7 of AHSV-4 and the VP3 of BTV-10. This approach may allow us to identify which region(s) of VP7 is necessary for interaction with VP3 to form cores.
